Abstract: Breath-holding spells are benign, paroxysmal events with apnea and postural tone changes after a crying episode in infants. The objective of this study was to investigate the pathologies in brain metabolite values in the absence of seizure in children with breath-holding spells by using magnetic resonance spectroscopy (MRS). Brain MRS examination was performed on 18 children with breath-holding spells and 13 neurologically normal children who were included as the control group. There was no significant difference in terms of N-acetyl aspartate (NAA), choline (Cho), creatine (Cr), and myoinositol (mI) levels and also in terms of NAA/Cr, Cho/Cr, and mI/Cr ratios between the patients and the control group (all P.0.05). Our study suggested that there is no permanent neuronal damage in patients with breath-holding spells. This result confirms the previous studies, which reported no permanent neuronal damage in patients with breath-holding spells.
Introduction
Breath-holding spells are benign, paroxysmal events with apnea and postural tone changes found in infants. They may resemble a seizure sometimes, although they are nonepileptic events. These spells have benign prognosis, in general, but occasionally some complications may be seen as a loss of consciousness, tonic-clonic movements, or seizures. In addition, it has been reported that severe breath-holding spells in children could cause cerebral hypoxemia. [1] [2] [3] [4] [5] [6] Nowadays, various biochemical 7, 8 and neuroimaging modalities including MRI 9, 10 and magnetic resonance spectroscopy (MRS) 11, 12 have often been used for the detection of neuronal damage in children with different neurological diseases. MRI is the modality of choice for evaluating the structural lesions in different neurological diseases. Its high specificity and sensitivity provide clues to the pathological basis of many developmental disorders including migrational disturbances and developmental tumors. 13, 14 On the other hand, MRS is clinically useful for identifying the biochemical state of the central nervous system, and it is a noninvasive method that metabolites such as N-acetyl aspartate (NAA), choline (Cho), myoinositol (mI), creatine (Cr), and lactate can be measured in different parts of the brain. These metabolites are considered markers of multiple facets of neural tissue such as Cr for high-energy phosphate metabolism, Cho for membrane phospholipid metabolism, NAA for neuronal and axonal integrity/density, and mI for glial cell density. MRS has been used for imaging of the brain with metabolic diseases, neurodegenerative disease, and epilepsy. 15, 16 In recent years, although there are some reports on the biochemical state of the central nervous system related to neuronal damage in patients with breath-holding spells, but these results are inconclusive. The objective of the present study was to examine the brain MRS findings in patients with breath-holding spells.
Materials and methods study subjects
This prospective study was conducted at Radiology and Pediatric Neurology Departments of Harran University School of Medicine, Sanliurfa, Turkey. The study group included 18 patients (5 girls and 13 boys) who were consecutively diagnosed with breath-holding spells in our Department of Pediatric Neurology and 13 neurologically normal children (4 girls and 9 boys). Neurologically normal children who were admitted to the Department of Pediatric Neurology with mild head trauma were included as the control group. The children in control group were not admitted to the hospital. The mean ages of children were 19.1±9.3 months in the patient group and 19.4±9.4 months in the control group. All the patients were diagnosed with breath-holding spells according to clinical and biochemical findings, electroencephalography, electrocardiography, and echocardiography results. The patients included in this study were those with at least 2-month survival, multiple episodes of attack, and breath-holding seizures without any medical treatment. The brain MRS examinations were carried out in the normal period between the 2 spells. The breath-holding spells were classified as mild, moderate, and severe (Table 1) . Patients were excluded from the study with spells associated with metabolic problems, electrolyte disturbances, and trauma to avoid including children with seizures that can mimic breath-holding spells. 17, 18 In addition, a total of 12 patients were excluded from the study due to hypocalcemia-related tremor (2), early childhood benign myoclonus (4), hyperekplexia (2), benign infantile epilepsy (3), and benign paroxysmal vertigo (1) .
Prior to subject recruitment, the study protocol was reviewed and approved by Harran University Ethics Committee, in accordance with the ethical principles for human investigations, as outlined by the Second Declaration of Helsinki, and written informed consents were obtained from the parents of all the patients.
analysis of brain Mrs
Brain MRS imaging was carried out by using a 1.5-T MRI unit (Magnetom Symphony A Tim System; Siemens, Erlangen, Germany) with a quadrature transmit/receive head coil. Each patient was sedated before the examination. The transfer and monitoring of the patients were done by pediatricians who accompanied all the patients during the entire procedure. All imaging procedures were completed by an experienced radiologist. Single voxel method of MRS was performed on all the patients and control group. Three baseline images were obtained orthogonally for each patient with automated magnetic field shimming. In both the patients and control group, 3 distinct neuroanatomic structures (ie, frontal white matter, putamen, and thalamus) were selected for the analysis in this study ( Figure 1A-C) . The raw spectroscopic data were collected following optimal water signal suppression. Metabolite signals included the metabolites: NAA (2.04 ppm), Cr (3.05 and 3.95 ppm), Cho (3.24 ppm), mI (3.58 ppm), and lactate (1.33 ppm; Figure 2 ). The total scanning time was ~20 minutes per patient. The collected data were transferred to a computer workstation (Leonardo; Siemens Medical Solutions, Forchheim, Germany), and peak integrals (areas under the peaks) for NAA, Cho, Cr, and mI were calculated by using the operator-independent, manufacturer-supplied, software package (Siemens). All metabolite peaks were evaluated for full width at half maximum peak height, and all widths were ,0.1 ppm for all the metabolites. The ratios NAA/Cr, Cho/Cr, and mI/Cr were also calculated and noted.
statistical analysis
We calculated the necessary sample size according to the frontal white matter NAA/Cr ratios of first 8 patients (Group 1) and of control group (Group 2), which were 2.21±0.70 in Group 1 and 2.85±0.40 in Group 2. From this initial sample variance and assuming a 2-tailed α value of 0.05 (sensitivity =95%) and a β value of 0.20 
Results
There was no statistically significant difference between the patient group and the control group in terms of age or gender Breath-holding spells were pallid in 3 (16.6%) cases, cyanotic in 9 (50.0%) cases, and mixed in 6 (33.2%) cases. The severity of the spells was categorized as mild (10 cases; 55.5%), moderate (5 cases; 27.7%), and severe (3 cases; 16.6%). Table 1 shows the demographic findings of patients and control group and types and durations of the spells. The time elapsed after the first diagnosis of breathholding spells was ranging from 5 to 28 months. In brain MRS, there were no significant differences between the patients and control group in terms of NAA/ Cr, Cho/Cr, and mI/Cr ratios in the 3 regions (all P.0.05). Table 2 shows the results of brain MRS in the patients with breath-holding spells and the control group.
Discussion
Breath-holding spells are usually benign attacks found in infants. The etiology of breath-holding spells is not fully understood. 20 As the child grows, they often disappear spontaneously without any treatment. In various studies, it had been reported that seizures may develop 0.5%-4.8%, and neurodevelopmental abnormalities may occur up to 3.6% of these patients in follow-up. 1, 2 Within the last 10-15 years, many important advances have been made in imaging modalities. Currently, MRI is the preferred imaging method for identifying the underlying pathologies in patients with epilepsy and various neurological disorders. 9, 10 Despite structural abnormalities in the brain, MRI occasionally could be normal. 21 In the case of the more subtle types of cortical dysplasia associated with tumors and mesial temporal sclerosis which can be overlooked, advanced imaging techniques including diffusion tensor imaging and MRS can provide additional findings in these patients. 22 Therefore, these techniques are becoming increasingly available to clinicians for the evaluation of neurological diseases in children. Various investigators used MRS to determine metabolite changes in brain during normal maturation and white matter myelination, which may provide additional information to assess the developmental delay; neurodegenerative, inflammatory, metabolic, neuropsychiatric disorders; hypoxic ischemic brain injury; and epilepsy. 23 Numerous studies, both clinically 24, 25 and on animals, 26 have reported decreases in NAA levels that are associated with either neuronal dysfunction or neuronal damage in epilepsy. 27, 28 Studies on children with newly diagnosed temporal lobe epilepsy have also shown a significantly decreased NAA/Cr level in the temporal lobe compared with normal controls. 29 Similarly, Holopainen et al 30 have evaluated metabolite abnormalities by using MRS of children with febrile convulsions and epilepsy, and they found significantly decreased NAA/(Cho + Cr) and NAA/Cr ratios in both febrile convulsion and epilepsy groups when compared with the control group.
In a study by Koepp et al, 31 it was reported that brain NAA levels were reduced in the thalamus of juvenile myoclonic epilepsy patients. In addition, Varho et al 32 found that the mean NAA level was significantly decreased in the hippocampus of children with infrequent seizures and nonsymptomatic localization-related epilepsy.
To the best of our knowledge, this is the first MRS study in the literature conducted on these patients. In our study, patients with breath-holding spells showed no significant differences in metabolite values compared with the control subjects.
The results of the current study are not consistent with most previous MRS studies showing neuronal damage of the brain in children with epilepsy. In contrast to some studies on epilepsy patients, no findings of neuronal cell loss, increased membrane phospholipid turnover, or cellular proliferation were observed in the present study. 32, 33 There were different results among the studies because most of our cases were not exposed to severe hypoxia. In our recently published study, we found increased serum S-100B protein levels reflecting neuronal damage in patients with breath-holding spells. 34 However, we now consider that those previous results may be due to reversible neuronal metabolic dysfunction rather than permanent neuronal damage in breath-holding spells. 
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Brain metabolite values in breath-holding spells
In the present study, the metabolites selected for analysis were in 3 distinct anatomic regions, especially the putamen and thalamus, as they are known to be more sensitive to hypoxia than other regions in the brain. Measurements were taken of NAA, Cho, Cr, and mI, but only the results of the ratios based on these measures were reported because the study sample size was small and metabolite ratios can be used when there is a reduction in sample size. 31 The aim of the present study was not to address the etiology of brain metabolite and neurological disorders associated with breath-holding spells. It was attempted to reveal the presence of neuronal damage associated with hypoxia, which may occur secondary to breath-holding spells. Moreover, there were no potential side effects of sedation on patients with respect to measuring the metabolites such as NAA, Cr, Cho, and mI values.
The limitations of the current study can be said to be that the sample size was low. At the time of the breath-holding spells, the brain metabolites could not be investigated on brain MRS for technical reasons. Previous studies have also reported that these metabolites in epileptic patients were examined after the seizure.
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Conclusion
In conclusion, according to these findings, no permanent neuronal damage was found in the patients with breath-holding spells, indicating that it is a benign event indeed. However, further studies with larger populations of children with severe spells are needed to confirm the present findings.
